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2 $G=(V_{1}, V_{2}, E)$
$M=\{(w_{1},b_{1}), (w_{2},b_{2}), \cdots , (w_{n}, b_{n})\}$ , $w_{i}\neq w_{j},$ $b_{i}\neq b_{j}(i\neq j)$
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1)2 $G=(V_{1}, V_{2}, E)$ .
2) $e=(w, b)(w\in V_{1}, b\in V_{1})$ $W(e)$ . $W(e)$ {
1 $rightarrow$ $e$ (Boltzmann weight)
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$Z=|Pf\tilde{K}|=|\det K|$ (1)
(Pf $\tilde{K}$ $\tilde{K}$ ).
$\tilde{K}=(\begin{array}{lll} 0 K- {}^{t}K 0\end{array})$ ( $V\cross V$ ), $K=(K_{wb})_{w\in V_{1},b\in V_{2}}$ ( $V_{1}\cross V_{2}$ )
. $\tilde{K}$ $G$
. , $K$
$K_{wb}=\{\begin{array}{ll}\pm W(w, b) ((w, b)\in E)0 ((w, b)\not\in E)\end{array}$
. , , Kasteleyn
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$\tilde{A}=(\begin{array}{ll}0 AA 0\end{array})$ , $A=(A_{wb})_{w\in V_{1)}b\in V_{2}}$
. $\tilde{K}$
$\tilde{K}=(\begin{array}{ll}0 K-{}^{t}K 0\end{array})$ , $K=(K_{wb})_{w\in V_{1},b\in V_{2}}$
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Pf $\tilde{K}=(-1)^{n(n-1)/2}$ det $K$ (3)
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$A= \sum_{\sigma\in S_{n}}A_{1\sigma(1)}\cdots A_{n\sigma(n)}$
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. $A_{1\sigma(1)}\cdots A_{n\sigma(n)}$
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, $A=(A_{ij})$ $\kappa_{ij}=\pm 1$
$K_{ij}=\kappa_{ij}A_{ij}$ (6)
, $K=(K_{ij})$
det $K= \sum_{\sigma\in S_{n}}sgn(\sigma)K_{1\sigma(1)}\cdots K_{n\sigma(n)}$ (7)
.
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$Z= \prod_{j=1k}^{m}\prod_{=1}^{n}$ ($4a^{2}$ cos2 $\frac{\pi j}{m+1}+4b^{2}\cos^{2}\frac{\pi k}{n+1}$ ) (10)
.
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$F=- \frac{1}{4\pi^{2}}\int_{0}^{\pi}d\theta\int_{0}^{\pi}d\tau\log$($4a^{2}\cos^{2}\theta+4b^{2}$ cos2 $\tau$)
(11)
$=- \frac{1}{4\pi^{2}}\int_{0}^{\pi}d\theta\int_{0}^{\pi}d\tau$ log $(a^{2}(e^{i\theta}+e^{-i\theta})^{2}+b^{2}(e^{i\tau}+e^{-i\tau})^{2})$
. $z=e^{2i\theta},$ $w=e^{2i\tau}$
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3) ( $N\cross N$ $N$
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$F=- \oint_{|z|=1}\frac{dz}{2\pi iz}\oint_{|w|=1}\frac{dw}{2\pi iw}\log|P(z,w)|$ (15)
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( ) $P$ ($z$ , w).
$R$( $B_{x}$ , By) .
, $\backslash$
. , (14) Kasteleyn[l]





[5] $[10, 11]$ ).
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, .
1) $R(x, y)$ $R^{2}$ .
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$\nabla R(x, y)$ . , $R(x, y)$
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4) $R(x, y)$ $n$ .
$\frac{\partial^{2}R}{\partial x^{2}}\frac{\partial^{2}R}{\partial y^{2}}-(\frac{\partial^{2}R}{\partial x\partial y})^{2}=\frac{1}{\pi^{2}}$ (18)
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